IntRoduCtIon
The increase in population has contributed to a greater demand for natural resources and the generation of waste, such as sewage sludge from wastewater treatment. In general, sewage sludge constitutes a potential threat to environment and human health due the presence of pathogenic organisms, organic pollutants and trace elements (MéNdez et al., 2012) .
Thermal processing of sewage sludge for agricultural use may be an alternative to the application of unprocessed or compost sewage sludge. The thermochemical transformation of biomass in a low oxygen environment, pyrolysis, produces a material known as biochar (AHMed et al., 2016) . The term biochar, conceptualized from the knowledge of the Amazonian dark earth, is a solid, carbon-rich material that can be used as soil amendments to improve its properties, yield crop and add more stable carbon forms (LeHMANN et al., 2006) . due to the increasing demand and depletion of nutrient sources, biochars produced from sewage sludge can be a source of nutrients for agricultural crops with environmental and social gains (SpokAS et al., 2012) . However, due to the presence of trace elements, the use of biochar from Zelaya et al. sewage sludge in short-cycle crops needs to be investigated to avoid possible toxic effects, both for plants and animals.
Concerns over the feasibility of using biochar from sewage sludge in agriculture require further investigation into plant nutrition (AHMed et al. 2016; GWeNzI et al. 2016) . We hypothesize that the pyrolysis process is a viable technology for use of sewage sludge in the agriculture. Further, we hypothesize that (1) the addition of sugarcane bagasse to the sewage sludge will produce a biochar with lower availability of trace elements, with (2) potential to contribute to the plant nutrition and yield and to (3) increasing C sequestered in soils. As such, the objective of this study was to evaluate the use of biochar from mixture of sewage sludge and sugarcane bagasse on sugar beet plants production and nutrition, as indicative of traces elements bioavailability.
MAtERIALS And MEtHodS
The surface layer (0 to 20 cm) of an oxisol was collected from an area of natural vegetation (geographic coordinates: 16°54′14.99″S and 43°57′41.28″W; altitude: 600 m above sea level) and was sifted (<4 mm) and placed in plastic pots of 4 dm -3 . The physical and chemical soil properties were: sand, silt and clay, 780, 100 and 120 g kg −1 , respectively(pipette method); pH in water (1:2.5 ratio), 4.7; available phosphorus, 3.41 mg dm −3 (ionic exchange resin method); exchangeable potassium, calcium, and magnesium, 0.51, 2.0 and 1.0 mmol cdm −3 , respectively (ionic exchange resin method); aluminum (exchangeable potential acidity -extraction with kCl solution and titration with NaoH solution), 2.4 mmol cdm −3 ; cation exchange capacity (sum of bases and potential acidity), 48,9 mmol cdm −3 and; total carbon (dry combustion method), 6.91 g kg −1 . The experiment was arranged in a completely randomized design, 5+2 treatments, with five replicates. The treatments were five doses of biochar -0, 2.5, 5, 7.5, and 10% (volume biochar/volume soil) -produced from the mixture of sugarcane bagasse and sewage sludge (BB), and two additional treatments -a sewage sludge biochar (BS), 5% (v/v) and a conventional treatment (CV) with limestone, to increase the soil pH to 6.5 and mineral fertilizers.
For the production of BB, a 1:1 (volume/ volume) mixture of sewage sludge and sugarcane bagasse was used. For the two biochar, BB and BS, the heating rate was 5 °C/min and the final temperature reached was 450 °C (inside the carbonization mass), maintained for 30 minutes. The BB and BS was ground and passed through a 1 mm mesh sieve for application to the soil and chemical and physical analyses.
For both biochars, the electrical conductivity, pH, bulk density, and moisture were measured following the methods of RAjkoVICH et al. (2012) and ash was measured according to the ASTM d1762-84 procedure. The biochar yield was calculated using the following equation: biochar yield (%)=(biochar dry mass/raw material in nature dry mass) × 100.Total C and N were determined using an elemental analyzer (Leco Corp., St. joseph, MI, USA). Nutrients and trace elements were determined via ICp-MS/MS (Agilent 8800 triple quadrupole ICp-MS/MS, AgilentTechnologies, Tokyo, japan), after microwave digestion (MARS 6 -Microwave digestion System, CeM Mars Corporation, Matthews, NC, USA) with concentrated nitric acid (USepA 3051).
each replicate was incubated for 45 days and the soil moisture was maintained close to the field capacity by means of daily irrigations with purified water. After the incubation period, the soil from each pot was sampled for chemical analyses and the sugar beet seedlings were transplanted.
The sugar beet seedlings were grown in polystyrene trays containing vermiculite without fertilization. After 30 days of sowing, one seedling was transplanted per pot. Throughout the entire experimental period, there was no need for phytosanitary control and soil moisture was maintained close to the field capacity by daily irrigations with purified water. At 55 days posttransplantation, the plants were harvested, washed in purified, separated into fine roots, tuberous root and shoot, and then dried at 55 °C. dry matter production was determined and the nutrient and trace elements were analyzed by mass spectrometry (ICp-MS/MS), as described by MAATHUIS (2013).
In the soil samples collected after 45 days of incubation were determinate: pH in water; CeC; p, k, Ca and Mg by ion exchange resin; S by calcium phosphate solution; Al (exchangeable potential acidity); and; Fe, Mn, zn, Cu, Cr, Ni, pb, and Cd, by dTpA pH 7.3 solution.
The data were assessed for normality and heterogeneity of variance. Additional treatments, CV and BS, were compared to BB levels using the Dunnett test at a significance level of α=0.05.
To evaluate the effect of biochar doses, regression equations were fitted.
RESuLtS And dISCuSSIon
The biochars added to the soil larger amounts of carbon, mineral nutrients and trace elements than conventional treatment (Table 1) . Incorporation of biochar into the soil provided more stable forms of carbon, and is a strategy to increase soil carbon stocks (GWeNzI et al., 2016) and reduce greenhouse gas emissions.
According to the methodologies used, the availability of nutrients and trace elements, pH and CeC increased with the application of both BB and BS (Table 2) . Although, trace elements in the soil increased with the application of biochars, the concentrations of these elements were below regulatory limits established by CoNAMA Resolution 375/2006 (BRASIL, 2006 .
Biochar is considered as a strong and effective sorbent due to its high aromaticity and high surface area (Chain et al., (2011) and can decrease soil availability of cationic micronutrients and trace elements by adsorption (ALBUqUeRqUe et al., 2014; MéNdez et al., 2012) ; however, in this study, the availability of these elements, extracted by the dTpA solution, increased with the biochar doses (Table 2) .
Although, higher soil nutrient availability was observed at the higher BB doses, shoot and tuberoses roots yield corresponded to 56 and 29%, respectively, of yield obtained in the conventional treatment ( Figure 1 ). Conversely, in the treatments with BB (7.5 and 10% doses) there was greater production of fine roots than in the conventional treatment (Figure 1 ). Table 1 -Characterization of biochar from sewage sludge (BS) and from sewage sludge + sugarcane bagasse mixture (BB) andamount of biochar, nutrient and trace elements added to the soil by BS, BB and conventional treatment (CT). . Number in parentheses is amount of element added by pot of 4 dm 3 . Effects of biochars on plant metabolism (HAIdeR et al., 2015; VIGeR et al., 2015) , in some groups of soil microorganisms (SpokAS et al, 2010 , SoNG et al., 2016 and in root respiration (RAzAq et al., 2017) are possible explanations for the highest occurrence of fine roots in biochar treatments. Also the improvement of the chemical and physical soil properties by biochar have an effect on the number and morphology of the fine root (AMENDOLA et al., 2017; SILVA et al., 2017) . Fine roots, stimulated by biochars, can alter the carbon cycle, soil microbial activity, fertilizer efficiency and water and nutrient uptake by plants ( MANIkANdAN & SUBRAMANIAN, 2013; YANGzHoU et al., 2017) .
Confirming results of soil macronutrient (N, p, k, Ca, Mg and S) availability (Table 1) , plant macronutrient concentrations were higher in treatments with higher doses of BB, BS and conventional treatment (Table 3) . Availability of soil macronutrients increased linearly with the BB doses, being the highest concentrations obtained in the 10% BB dose (Table 3) .
The concentration of micronutrients and trace elements in plants, except for copper, tend to reach a plate with increasing of BB doses (Table 4 ) and were below the limit set by international standards for heavy metals for beet plants (Codex ALIMeNTARIUS CoMMISSIoN, 2001) . doses of BB to reach the maximum concentration of micronutrients and trace elements ranged from 6.8% (iron) to 9.8% (nickel); 7.1% (lead) to 8.7% (copper) and 5.7% (chromium) to 10% (boron), respectively for shoot, tuberous roots and fine roots. However, the concentrations of trace elements in sugar beet plants were lower than the regulatory limits established by BRASIL (2013) for vegetal feed origins, showing that biochar from sewage sludge and sugarcane mixture may be a safe way to use sewage sludge in agriculture.
In general, for micronutrients and trace elements, the concentrations were higher in the tuberous and fine roots than in the shoot (Table 4 ). The highest Table 3 -Regression equations adjusted for macronutrient concentrations in the shoot, tuberous roots and fine roots, as a function of biochar doses from sewage sludge + sugarcane bagasse mixture (BB), maximum concentration of nutrient and trace elements in the treatment with BB estimated by the equations, and concentrations obtained in the biochar from sewage sludge (BS) and conventional treatment (CV). Lowercase letters and capital letters compare the BS and CV treatments with BB, respectively. Means followed by the same letter do not differ significantly from each other by the dunett test (P> 0.05) .Numbers in parentheses are the doses of BB for the maximum element concentration in the sugar beet roots.
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concentration of trace elements in the roots, first organ to come in contact with nutrients and trace elements, can be attributed to the complexation of metals with the sulfhydryl groups, resulting in less translocation to shoot (YILMAz, 2012) . Unlike other adsorbents, where trace elements may become available over time, in this specific case, environmental action over the years can increase the adsorption of metal by biochars (joRIo et al., 2012) .
Since biochar can cause changes in root morphology, the nutrient and trace elements uptake efficiency by plants was calculated considering the total root dry matter (tuberous and fine roots) (Figure 2 ). In general, in the treatments with biocarbon the plants were more efficient, due to the greater production of fine roots (Figure 1) . Also SILVA et al. (2017) observed greater number of fine roots in common bean plants that received biochar fertilization. According to these results, one of the effects of biochar is on the morphology of the plant root system, thus increasing nutrient uptake efficiency. Lowercase letters and capital letters compare the BS and CV treatments with BB, respectively. Means followed by the same letter do not differ significantly from each other by the dunett test (P> 0.05) .Numbers in parentheses are the doses of BB for the maximum element concentration in the sugar beet roots.
ConCLuSIon
Biochar produced from sewage sludge and sugarcane bagasse is an alternative technology to reduce the potential for contamination of sewage sludge and to incorporate more stable carbon forms in the soil. Although, biochar has increased soil fertility, fine roots and nutrient uptake efficiency by sugar beet plants, total dry matter yield was significantly lower than that 
